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AUTOMATIC AUTOMOBILE 
TRANSMISSION WITH VARIABLE SHIFT 
PATTERN CONTROLLED IN RESPONSE TO 
ESTIMATED RUNNING LOAD 



The present invention relates to transmission control 
systems for automobiles. 

A prior-art transmission control system for an automobile 
is so constructed that a vehicle speed and a throttle valve 
opening are sensed as electric signals, and that a predeter- 
mined shift gear corresponding to the current values of the 
vehicle speed and the throttle valve opening is selected on 
the basis of a shift pattern which is preset, with the vehicle 
speed and the throttle valve opening as variables. Herein, a 
pluraHiy of such shift patterns are set beforehand, and one of 
them is selected by the manipulation of the driver of the 
automobile. 

In another Uansmncdorj control system, the shift patterns 
are automatically srirrrrd and changed-ovcr in accordance 
with the driving operation of the driven 

The control of a tra n s m i s sion in the prior art is such that 
a predetermined gear position corresponding to the caxxent 
values of a vehicle speed and a throttle valve opening is 
selected on the basis of a shift pattern which is preset, with 
the vehicle speed and the throttle valve opening as variables. 

In addition, the official gazette of Japanese Patent Appli- 
cation Publication No_ 4597671988 discloses a technique 
wherein a torque is evaluated from the pressure of sn intake 
pipe, and a transmission gear ratio [(tpjs. of an internal 
combu stio n cngrnc)/(vcbiclc speed)] is determined from the 
torque. 

These me t hods have made p eifo t t ilin g an exact shift 
operation fat the fluctuations of drive conditions cSffiauX 
especially for the change of a running load. example; h 
is considered that the fuel consunmtion of the autc*nobfle 
wfll be mhimofd without spoiling the drivability thereof, by 
urjshifting earlier on a flat road or a gentle downward slope . 
rather than on an upward slope. Such a shift operation, 
however; has heretofore been unpossible became of the gear 
shift based on only the ihrorjle valve opening and the vehide 



Besides, as the vehicle is lis^uerKc; it bocomes impartaot . 
to perform the shift control so as to correspond to the change 
of acceleration characteristics dependent upon the weight of 
the vehicle in the case of a starting acceleration. It is 
therefore co nsider ed possible to enhance the fuel 
tion and to perform the exact shift operation cone^rxmcSng : 
to the drive condition^ i n such a way that the running load 
and the vehicle weight are estimated, and that the shift 
pattern is changed in accordance wren the vehicle weight and 
the running load in an accelerating mode, while it also is 
changed in accordance with the running load in a deceler- 
ating mode. 

Since the shift partem is determined on the basis of the 
several typical drive conditions as stated above, the prior-art 
techniques have been sometimes incapable of the shift 
operation winch reflects the drive conditions exactly. As a 
result, they have often worsened the fuel consumption. 

SUMMARY OF THE INVENTION 

An object or the present invention is to provide an 
aut o matic transmission control system for an automobile in 
which the running load of the automobOe is »THm*tH so as 
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lo peifonn a sfaiit operation which conforms to the nisnlog 
load- 
In order to accomplish the object, an automatic cransxnis- 
don control system for on automobile in one aspect of 
performance of the present invention is constructed com- 
prising load computation means for computing the automo- 
bile load; output torque estimation means for r*imi*rii>g an 
output torque with reference to die torque characteristics of 
the drive train of the automobile; running load estimation 
means for estimating a running load from the automobile 
load and the output torque; memory means for storing at 
least two shift schedules therein; and a shift schedule 
variable-control unit which determines a shift schedule of an 
automatic transmission of the automobile during actual 
running of the automobile, on the basis of the estimated 
rurmtng load and the stored ahift schedules. 

Besides, in order to pcrfu iin a shift operation which is 
based on* not only a running load, but also an ctnmatrri 
vehicle weight of an automobile, an automatic transmission 
control system for an automobile in an o th er aspect of 
performance of the present mvention may well be con- 
structed comprising vehicle weight estimation means for 
estimating weight of the automobile; torque estimation 
means for Ctfimating an output torque; acceleration input 
means for accepting an acceleration signal: running load 
esliirmtinn means for estimating the running load from the 
estimated .vehicle weight, the estimated output torque and 
die inpot a ccelera t ion: memory means for storing a plurality 
of shift schedules ther ein; and gear poastion determmation 
mparts for selecting one of the shift scbednlea onthebasisof 
the vehicle weight and the estimated running load, and for 
determining a gear position of an automatic transmission of 
the automobile in accordance with the selec t e d shift sched- 
ule. 

In operation, the nmnlng load (and the vcmcle weight) are 
estimated* mid the shift operation is performed in confbnnity 
with the vehictf weight and the running load. Therefore, the 
optimal shift pal lei 11 is formed in accordance with a driving 
en vir o nm ent such as a mountain path, to rnharrnr the driv- 
abttiry of the antrmTohfle. Moreover, on a flat road, the rod 
^ nuuyi nnfioTT of the automobile is c nhaiHCft<V 

Other objects, advantages and novel features of the 
present invention will become apparent from the following 
detailed description of the mvention when considered in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FTC 1 is a block diagram of a shift control system which 
includes an agtonwtic na n s tm smw control system in an 
einrjodimem of the present mventioa; 

FIG. 2 is a schematic block diagram showing the hard- 
ware elements of Che shirt control system depicted in FIG. 1: 

F1Q. 3 is an explanatory diagram showing the details of 
input signals to and output signals from an AT (automatic 
transtiri*siou) control unit; 

FIG. 4 is a block diagram of a vehicle weight estimation 
section which mclunVs vehicle weight estimation means; 

FIG. 5 is a diagram for explaining the time serialization 
of an acceleration response waveform; 

FIGS. 6Aand 6B are diagrams for explaining a- method of 
starting the time serialization; 

FIG. 7 is a diagram tor explaining the flow of processing 
for the generation of a time serialization start signal; 

FIG. 8 is a flow chart showing the processing steps of 
means for generating the time serialization start signal: 
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FIG. 9 is a diagram for explaining the learning method of 
a neural network which is used in the vehicle weight 
estimation mean* depicted in FIG. 4; 

FIG. 10 is a block diagram of a shift control section which 
includes torque convcrtcr-genccaied torque estimation 
means, engine-generated torque estimation mean* and load 
estimation means; 

FIGS. U(o) and 11(6) are graphs showing an engine 
torque map and a torque converter characteristic map, 
respectively; 

FIG. 12 is a flow chart showing a process for estimating 
an accessory torque; 

FIG. 13 is a flow chart showing a*proce*9 for estimating 
a torque generated by an engine; 

FIG. 14 is a flow chart showing a process for estimating 
an output torque based on a torque converter, 

FIG. 15 is a flow chart showing a process for estimating 
a running load torque from the estimated output torque; 

FIG. 16 is a flow chart allowing another method of the 
process for estimating the accessory torque; 

FIG. 17 is a schematic block diagram for explaining gear 
position determination means; 

FIGS. 18(a) and 18(6) are explanatory diagrams showing 
shift maps in a method of alterins schedules which are 
based on load estimation and vehicle weight esti mation; 

FIG. 19 is a block diagram of an aufomatic transmission 
control sytzem being another embodiment in which a shift 
schedule is continuously varied in consideration of a grade 
or elope; 

FIG. 20 is an explanatory showing a shift map tn 

the embodiment umstratcd in FK3- 19; and 

FIGS. 21(a), 21(6) and 21(e) are graphs for explaining 
how to decide an acceleration request. 

PREFERRED EMBODIMENTS OFTHH 
INVENTION 

Now, embodiments of the present invention wul be 
described with reference to the drawings. In the ensuing 
description, an expression "change gear ratio** or "gear 
ratio" shall mean the product between the gear ratio of a 
transmission and that of a final drive. 

The schematic construction of an automatic transmission 
control system for an amornobfle in one embediment of the 
present invention is illustrated in FIG. 1. 

Throttle valve opening (TVO) sensing means 101 sense* 
a throulo valve opening 121 in the automobile, which is 
delivered to vehicle weight estimation means 106, engine- 
generated torque estimation means 1001 and gear position 
determination means 109. 

Acceleration sensing means 102 senses the acceleration 

122 of the automobile, which is delivered to the vehicle 
weight estimation means 106 and load estimation means 
110. 

Vehicle speed sensing means 103 senses the vehicle speed 

123 of the automobile, which is delivered to the vehicle 
weight estimation means 106 and the gear position deter- 
mination means 109. 

Engine cpjn, sensing means 104 senses engine Lp. m. 
(Revolutions per minute" also termed an "engine speed") 

124 in the automobile, which is delivered to torque con- 
verter-generated torque estimation means 107 and the 
eoginc-generaied torque estimation means 1001. The torque 
converter-generated torque estimation means 107 and the 
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"gino-gene«icd torque estimation means 1001 are means 
for estimating torques generated by the torque convener of 
the automobile and the engine thereof, respectively. 

Turbine tpjn. sensing means 10S senses turbine rn nv 
(ato termed 1,-lurbTO 

is delivered to the torque converter-generated torque esti- 
mation means 107. s 

In die vehicle weight estimation means 106, the vehkjc 
wagte of the automobOe is estimated on the basis of me 
ttoottle vdvt ct«mng 121. acceleration 122 and vehicle 
speed 123. The estimated vehicle weight 126 is delivered to 
me gear position detcrmmfltion means 109 and the load 
estimation means 110. 

In the torque COTverter^enerated torque estimation 
^Z^^ ^uc.geoerated by the torque converter is 
e** 0 ?*** the engine speed 124 and the torbine speed 
125. The estimated torque 1022 generated by the torque 
convener u delivered to the load estimation means 110 

In the engine-generated torque e*amation means 1001 
Acj^oc generated by the engine is estimated from the' 
ihrotde valve evening 121 and the engine speed 124 The 
estimated torque 1015 geoerated by die engtoo is dehrcrcd 
lotbe torque converu^cnerated torque estimation means 

5 ^F? 10 *? «*naa«i means 110, a load tonxue is esti. 

inan^ ft^the eahsiated veh^ 

»rqoc 1022 gnentfed by the tnrqoe converter, and the 
alteration 122. The esmnated load torque 1028 is dahV 
» ered to the gear position dteternxmation ™~»m 109. 

In the gear posidoo determination moans (which is also 
means for storing shift schedule* therein) 1©9. a ge^ 
uona^tennined 

J^*^^ 123 - ***** 126 ioS 

1028. The rAeermmed gear portion 129 b deKvercdto 
hydraulic drive means 111 

^ TCo hy draulic d rive means 111 c^ennmes the driving 
nyorHuacr^essmxof theduu^ 

•ion and drives the clutch so as to establish the cVaeranned 
gear posmon 129. ««erimneo 

FK5. 2 flfastzates the anangwiiem of s« cngh« s^dfer« 
and a coimvjl tmit iher^ 



MdthngniO, 204 and 205 Indian of their mpatiw 
TOtagyaa. fa addition, vrtrirtc rgnUr 207 mdASCD 



(amo speed cnitsing device) control unit signals 208 ate 
input co the AT control unit 203. In the AT control unit 203. 
* " ^•f.P° nl ^° » determined from the received «gn»U to« 
todeliver «Inft instruction signals 20f to the teSssto 

Z Signal* 304 thru 307 in PIG. 3 conespoqd lo the eorfnc 
««*««8Wl« 204 in Htt 2, while signals 308 thru310 
c««pond toU^tr^ndttto, output rignato 20S. Besides, 
«gwJ» 311 thru 314 correspond to the vehicle rimukZoT 
while «*J»to315 and 3W correspond lo the ASfS^nW! 

corre^ond to Ac AT control unit signals 206. In FIG. 3, the 

301j trough an inpm signal procastag ant 302. Further, the 

SL^St 3 ?' 321 ftWn ^control ami 301 « 
delivered through an output signal processing unit 303. 

veS^^T S^** *• ^ aceelewionWtht 
vehicle speed, watch arise when the driver of the automobile 
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has depressed the accelerator pedal thereof, differs depend- 
ing upon the vehicle weight Thus, the vehicle weight is 
recognized from an accelerating response waveform. With 
this method, the cost of the control system is not increased 
by the use of a sensor for mea&uring the vehicle weight, and 
the vehicle weight can be estimated with a precision satis- 
factory for the shift control of the automatic transmission. 

FIG. 4 is a detailed block diagram showing an example of 
the vehicle weight estimation means 106 depicted in FIG. 1. 
In FIG. 4, acceleration sensing means 401 delivers an 
acceleration signal 411 to time serialization means (accel- 
eration input means) 405 and time serialization start signal 
generation means 404. Vehicle speed sensing means 402 
delivers a vehicle speed signal 412 to the time serioKsauou 
means 405. TVO sensing means 403 delivers a throttle valve 
opening signal 413 to the time serialization moans 405 and 
the time serialization start signal generation means 464. 

The time serialization start signal generation means 404 
monitors both the signals of the acceleration 411 and the 
throttle valve opening 413, and it sends a signal 416 to the 
time serialization means 405 to start time serialization when 
the acceleration has risen owing to the driver' e depression of 
the accelerator pedal, in other words, in conformity with the 
accelerating response waveform. 

Upon receiving the time serialization start signal 416, the 
time serialisation means 405 time-serializes the acceleration 
411, vehicle speed 412 and throttle valve opening 413 so as 
to deliver tiroe-eerial signals 414 to neural vehicle weight 
estimation means 406. The neural vehicle weight estimation 
means 406 estimates the vehicle weight on the basis of the 
received time-serial signals 414, and delivers nn estimated 
vehicle weight 415. 

FIG. 5 is a diagram for explaining the time serialization 
of the accelerating responses of the acceleration, vehicle 
speed and throttle valve opening. The time scriaHrarion is 
started at the point of time tso at which the acceleration has 
exceeded a predetermined threshold value ccth. Than, the 
acce le ration, vehicle apeed and throttle valve opening arc 
sampled at regular intervals of At 

The reason why the threshold value is set for the accel- 
eration will be elucidated with reference to FIGS. 6A and 
6B. In a case where a threshold value is set for the throttle 
valve opening for the purpose of the time serialization in the 
accelerating mode and where the sampling is initiated in 
synchronism with the rise of the throttle valve opening, the 
rise of the longitudinal acceleration (the acceleration m the 
longitudinal direction of the body of the snttoxnobxle) 
becomes discrepant because of an individual difference 
involved in the way the driver depresses the accelerator 
pedal. In order to eliminate the discrepancy* the threshold 
value is set for the acceleration, and the sampling is started 
when the acceleration has exceeded the threshold value. 

FIG. 7 illustrates the proced u r e of the processing of the 
time serialization stan signal generation means 404 shown 
in FIG. 4. First, the closure of a throttle valve is confirmed. 
Subsequently, the opening of the throttle valve rises and 
exceeds the preset threshold value. Thereafter, the time 
serialization is initiated when the acceleration has exceeded 
the threshold value. 

FIG. 8 illustrates the flow of that processing of the time 
serialization start signal generation means 404 which cor- 
responds to FIG. 5. More specifically, whether or noc the 
throttle valve is closed is checked at a step Ml. When the 
throttle valve is closed, the processing flow proceeds to a 
step 802, and when not, it returns to the step 801. Further, 
When the throttle valve opening 6 has exceeded its threshold 
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value 6th at the step £02, the processing flow p rocw ls to a 
step 803, and when not, it returns to the step 802. On 
condition chat the acceleration ct has exceeded its threshold 
value cah at the step 803, the processing flow proceeds to a 
step 804. Otherwise, the processing flow returns to (he step 
803. At the step 804. the time serialization start signal 416 
indicated in FIG. 4 Is delivered. 

FIG. 9 is a diagram showing the learning method of a 
neural network which is used for the cstirnarioa of the 
vehicle weight. Refecting to the figure, vehicle weight 
estimation means 901 ie constructed of the Rumclhart type 
neural network which consists of an input layer, an inter- 
mediate layer and an output layer. Each of the three layers 
includes one or more neuron* or arithmetic elements, and the 
neurons of the adjacent layers are coupled by synapses. 
Signals ate tainsmitrcd along the input layer — » the inter- 
mediate layer — ► the output layer. Each of the synapses is 
endowed with a weight, and the output signal of the corre- 
sponding neuron is multiplied by the weight of the synapse 
to form the input signal of the next neuron. Each neuron 
convert* the sum of the input signals into the output signal 
by the use of a sigmoidal function. 
4f The neural network 901 learns the vehicle weight in such 

yj a way that the weights of the respective synapses are so 

=p altered as to «*wmnUri the error between the true weight of 

h the automobile and the vehicle weight esttTTtatfd from the 

inputs of the acceleration, vehicle speed and throttle valve 
zz opening. In order to cope with various aspects of depressing 

83 the accelerator pedal, accelerating response waveforms arc 

iff previously m e asur e d by expenments based on the lime 

ffjj serialization rrr^N^ shown in FIG. 4, whue the vehicle 

~ 3 weight and the throttle valve opening arc being c hang ed on 

an yfrqti"** automobile. Subsequently, the mne-eerial wave- 
Q forms of the acceleration, vehicle speed and throttle valve, 

py opening aTeixrput to rlttn 

ingtte estimated velis^ 

the estimated vehicle weight 911 with respect to she true 
4= vehicle weight 912 ts calculated. 

O Weight alteration means 902 alters the weights of the 

Q mrer-laycr synapses so as to diminish the error 913 between 

~ the estimated vehicle weight 911 art the true vehicte weight 

912. As an algorithm for altering the weights, a back- 
propagation tdffr*™ is typical, but another algorithm may 
well be employed. 

A running load is estimated in order to perforin the shift 
control in accordance therewith. Herein, the rnnning load is 
evaluated by estimating an output torque and solving the 
equation of ff***"" on the basis of the rsrimatrd ontpot 
torque, the acceleration and the estimated vehicle weight. 

Regarding the output torque rtilmaiion. there is a niethod 
in which the output torque is estimated from the sHp and 
; tpjn. (also termed *Vcvohition numb er*' or "spaed") of the 
torque converter in accordance with torque co n ve ne r char' 
acteri sties, and a method in which it is estimated from the 
r.p.m. of the engine and the opening of the throttle valve in 
accordance with engine torque characteristics. 

The estimation method based on the slip of the torque 
converter can esthruue the output torque precisely when the 
slip of the torque convener is great, that is, when the ratio 
between the revolutions of the input and ontr^ of the torqoe 
convener Is small This method, however; exhib&s an inte- 
rior precision in a region where the slip is small, mat is, 
where the ratio between the input revolutions and the output 
revolutions is great. 

On the other hand, the estimation method based on the 
engine torque characteristics exhibits a constant preciftxmm 
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the whole operating region of the engine, but it has the 
problem thai torques required for operating accessories such 
as an air conditioner cannot be round. 

In this embodiment, accordingly, in the region where the 
slip of the torque converter is great the output torque is 
estimated on the basis of the torque converter; while at the 
same time, the torquos necessary for operating the accesso- 
ries such as the air conditioner are estimated. Besides, in the 
region where the slip of the torque converter is small, the 
output torque is calculated in such a way that the torques far 
the accessories estimated before arc subtracted from the 
estimated torque based on the engine. 

FIG. 10 is a diagram for explaining the method of 
estimating the output torque and the method of estimating 
the load. In estimating the output torque- from a torque 
generated by the engine, an engine output torque 1019 (le) 
U derived from an engine torque map (engine-generated 
torque estimation means) 1001 on the basis of a throttle 
valvo opening 1011 (TVO) and an engine revolution speed 
(or npjn.) 1012 (Ne). The total load torque 1016 (Tecc) of 
the accessories such as the air conditioner is subtracted from 
the engine output torque 1015, and the resulting difference 
is multiplied by the torque ratio 1017 (t) of the torque 
converter, thereby obtaining a turbine torque 1014 (Ttl) 
based on the engine revolution speed 1012. 

On the other hand, in estimating the output torque from 
the pump revolution speed or rp.tn. (namely; the engine 
revolution speed) 1012 and turbine revolution speed or cp. 
m. 1013 (Nt) of the torque convener, the ratio Nt/Ne 
between the turbine revolution speed 1013 and the «ytw> 
revolution speed 1012 is calcntarcl, and the torque ratio 
1017 and pump torque capacity coefficient 1018 (t) of the 
torque converter are derived from a torque converter^oiqnr 
characteristic map 1002. The pump torque capacity coem- 
cient 1018 of the torque converter is rnnttipf irrf hy rh* «y ^ 
of the engine revolution speed 1012, thereby obtaining a 
pump torque. Further, the pump torque is multiplied by the 
torque ratio 1017. Then, a turbine torque 1019 is obtained. 

Accessory torque estimation means 1003 compare* the 
estimated turbine torque 1014 based on the engine and the 
estimated turbine torque 1010 based on rhetorq^ converter. 
Herein, when the ratio Nt/Ne between the turbine revohmon 
speed and the engine revolution speed is smaller than 08, 
the estimated accessory torque 1016 U output so as to nullify 
the error between the turbine output torque 1014 based on 
the engine and the turbine output torque 1019 based on the 
torque convener. In contrast, when the ratio Nt/Ne between 
the turbine revolution speed and the engine revolution speed 
it not smaller than 0.8, the latest estimated accessory torque 
1016 is output 

Here in this example, the output of the accessory torque 
estimation means 1003 is ehsnged-over at Nt/Ne =4X11. 
However, the value 0.8 differs depending upon the charac- 
teristks of torque converters, and a value near the dutch 
point of the pertinent torque converter may be set. The 
reason is that the Nt/Ne values ceinr ^ unu^^ to the large 
errors of the pump torque capacity coefficient of the torque 
converter are bounded by the clutch point. 

Turbine torque estimation means 1004 delivers the ntr- . 
bine torque based on the torque converter, as an estimated 
turbine torque when the ratio Nt/Nc (1021) between the 
turbine revolution speed and engine revohukm speed of the 
torque converter is smaller than 0.8, and it delivers the 
turbine torque based on the engine, as an estimated turbine 
torque when not- The estimated turbine torque 1022 (Tt) 
thus produced is multiplied by a gear ratio 1024 (r), thereby 



8 

obtaining an estimated output torque .1023 Ob). An esti- 
mated running load torque J028 (TL) is calculated m such 
a way thai the product 1025 (M x rw) between the estimated 
vehicle weight 126 (refer also to FIG. 1) and the effective 
radius rw of a tyic ox wheel is multiplied by a k>ogitu*nal 
acceleration 1026 (a), whereupon the resulting product 1027 
is subtracted from the estimated output torque 1023. 

FIGS. 1100 fl*d ll(fc) Illustrate an engine torque map and 
a torque converter characteristic map, respectively. The 
engine torque map in FIG. 11(a) indicates me generated 
torque lb with the throttle valve opening set as a parameter, 
by taking the revoluiion speed Ne of the engine on the axis 
of abscissas/On the other hand, the torque converter char- 
acteristic map in FIG. 11(5) indicates the pump torque 
capacity coefficient x and the ratio t of the input and output 
torques of roe torque converter, by taking the ratio e of the 
input and ontpot revolutions of the torque convener on the 
axis of abscissas. 

PIG. 12 illustrates the flow of the processing of the 
accessory torque estimation means 1003 shown in FIG. 10. 
More specifically, the accessory torque is set at T*cc «0 al 
a step 1201. If the slip c of the torque converter, namely, the 
O aforernentioced ratio Nt/Ne between the turbine revolution 

Bpccd 1013 and the engine rcvohnion speed 1012 is smaller 
« than 0.8, is checked at a atepl^v^ 

It than 0.8, the processing flow proceeds to a step 1203, and 

SU /when not. it returns » the step 1202. Al the step 1203. the 

03 difference Terr between the estimated turbine torque Til 

m based on the engine and the estimated tnrbine torque Tt2 

TZ based on the torque converter is evaluated as Terr = Til - 

ys \_ TTZ At the next step 1204, the estimated accessory torque 

Ql is calculated as Tacc^Tacc 

torque ratio of the torque con verier. 

FIG. 13 illustrates the flow of a process for obtaining the 
estimated turbine torque Til based on the engine, Al a step 
1301, the values of the engine irvohmon speed Ne and the 
throttle valve opening TVO are read. At the next step 1302, 
the engine torque Te is derived from the engine torque map 
1001 to FK3. 10 (refer also to FIG. IK*)) on the beats of the 
engine revolution speed Ne and the throttle valve opening 
TVO. At the subsequent step 1303, the turbme torque Ttl 
based on the engine is calculated in such a way t hat th e 
accessory torque lace is subtracted from the engine torque 
1c, whereupon the resulting ch^erence is multiplied by the 
torque ratio t of the torque converter. 

FIG. 14 illustrates the flow of a process for obtaining the 
estimated turbine torque Tt2 based on the revohrhons of the 
torque converter. Ai a step 1401. the values of the vehicle 
speed Vsp, engine revolution speed Ne and gear ratio r arc 
read. Subsequently; the turbine revolution speed Nt ia com- 
puted from the vehicle speed Vsp and the effective radius rw 
of the wheel at a «tep 1403. At the next step 1405, the slip 
e of the torque converter is culmlur**!, and the pump torque 
capacity coefficient t and the torque ratio I of the torque 
converter are derived from the torque convener character- 
istic map 1002 in FIG. 10 (refer also to FIG. 11(6)). At the 
subsequent step 1406, the turbine torque Ttl (101° in FIG. 
10) based on the torque converter is cal ciliated in such a way 
that the square of the engine revolution speed Ne is multi- 
plied by the pump torque capacity coefficient t, thereby 
obtaining the pump torque Tp, whereupon me pump torque 
Tp Is multiplied by the torque ratio t of the torque converter. 

Incidentally, in this process, the turbine revolution num- 
ber Nt may well be directly obtained instead of being 
computed from the vehicle speed Vsp. In such a case, the 
step* 1401 and 1403 arc respectively replaced with steps 
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1402 and 1404. Mare specifically, the value of the engine 
revolution speed Ne is read at the step 1402, and (be value 
of (be turbine revolution speed Ni is read at the step 1404. 

FIG. 15 Olustrstes (he flow of a process for obtaining die 
est finned load torque TL. from (be estimated output torque 
To and (he acceleration a. Whether (be revolution ratio c of 
the torque converter is smaller than 0.8 ia checked at a step 
1501* When the ratio e is smaller, the flow proceeds to a step 
1502, and when not, it p ro c eed s to a step 1503. At the step 

1502, (he estimated turbioe torque Tt is act at the turbine 
torque Tt2 based oa the torque ca n w ate r, whereupon (he 
0ow proceeds to a step 1504. On the other hand, at the step 

1503, too -TTimff'fl turbine torque Tt is set at the turbine 
torque Ttl based oa toe engine, whereupon (ho flow pro- 
ceeds to the step 1504. Subsequently, at the step 1504, the 
wtfimarrtl turbine torque Tt is multiplied by the gear ratio r. 
thereby obtaining the estimated eutr^toiquclb. At 

step 1S05, Che estimated load torque TL is calculated in such 
a way that the product among the estimated vehicle weight 
M, the effective radius rw of the wheel and the acc ele r at ion 
a is subtracted from the estimated load torque TL. 

HQ. 16 tUostrates soother method of evaluating torques 
required far me ar o r awir ies. Tins method consists in thai die 
torques of the accessories are set for the individual devices 
beforehand, and that, when the p e m uc m device is "ON", the 
corr esponding value is added. Jb the figure, the torque of an 
ah- conditioner is taken as an cxample- 

At a step 1601, Tacc *= O is sec If the air conditioner is 
*X>N*\ is cfaecfanrl at a step 1602. When the air ciwrtrrioner 
is "t>N"\ the flow of the method proceeds to a step 1603, and 
when not, the processing of the method is ended* At the step 
1605. the accessory torque Tacc uaet at lace *= lace* lac 
where Tac deootca the torjquc of the air cotuiirtunec 

There wfll now be captatnrd a control in which a shift 

l at iinju ed vehicle w e i gh t . FIG. 17 Is a btodc diagram of gear 
position oeiuunnaoon meatus for dctmnirung a gear posi- 
■ uon £roui'thc catiiiisted vehicle weight and the estimated 
load. 

• An upshi fling spee d change line selecto r 1701 receives a 
. vehicle weight signal 1711 and a load «giujr712sa inpuu, 
sad it delivers an tspshrfting speed change line 1714 to gear 
position fi»"t-*t* g Tf fp^n*^*** 1 means 1703 aa an onrpot A 
downshifting speed change line sele ctor 1702 receives the 
load signal 17X2 aa an mpm, and it delivers a downshifting 
' apeed change line 2715 as an output. The gear position 
pnal-dctca minatton mruins 1703 receives a vehicle spfifd 
signal 1716 and a throttle valve opening signal 1717 in 
addition to the i ipttitfting speed change hue 1714 and the 
downshifting speed change line 1715, and It delivers a gear 
shift signal 1713. 

FIGS. 18(a) and Wf>) illustrate the controls based on the 
vehicle weight and (he load, tor npthtft and for dowuhh% 
respectively A shift map aa shown in FIG. 19(a) is rued for 
the upshift, whflea shift map as shown in FIG. 18(6) is used 
to trie downshift. 

In the case of the rnxhifu the gear shift boundary follows 
between lines (I), ©or® dependent oo the vehicio weight 
: and the load moving from line 1 — > 2 -* 3 as such weight 
and speed tn creai e . On the other hand, in the case of the 
dowrohxft, the speed change hne moves b e tw e en lines ® . 
® and © aa the load enlarges. 

In the case of (he downshift, when the throttle valve 
opening (0 4- tO is small, the speed change line ® moves 
(oward the higher vehicle speed Vsp. This is intended to 
apply engine braking. 
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Although the gear shift boundary ie determined from the 
vehicle weight 2nd (be rmming load in the above embodi- 
ment, it may welt be determined from only the running load. 

In addition, although any of the preset gear shift bound- 
. axles is selected in the above embodiment, the gear shift 
boundary tray well be comixxaotuly varied on the bash of 
the estimated load, the vehicle weight and a grade or slope, 
A method for the continuous variation may be such that two 
gear shift boundaries which do oot intersect each other are 
set, and thai they arc divided internally or externally in the 
direction of, for example, the vehicle speed. This method 
wQl be explained In detail below. 

FIG. 19 is a block diagram showing another embodiment 
of the automatic transmission control system for an auto- 
mobile in which the gear shift boundary is detennmsd from 
the gradient (an inclination angle) and the vehicle we igh t. 

This system comprises a gradient resistance (hni-climb- 
ing resistance) calculation unit (load estimation means) 
1901, a ccattmuou&ly variable quantity calculation unit 1502, 
a cooormoua variation unit 1903, a shift paucrn-A memory 
1904 and a shift pattetn-B memory 1905. The continuously 
variable quantity calculation unit 1902 and the fw»wmn»f 
variation unit 1903 constitute a shift schedule variable- 
control anil. The shift pattern-A memory 1904 and me shift 
paocm-B memory 1905 commute means for staring shift 
schedules therein. 

The gradient resistance calculation unit (load esumauon 
means). 1901 is s u pp li ed with the gradient; e and the vehicle 
weight W, and U calmlonps a gradient incrcmeni — 
AL in acco rdan ce with the fouowing equation (1): 

al^W-rn * U) 

where g dr notes the gravitational acceleration. 

The caatnaauMky variable quantity calculation unit 1902 
calmlarrs a nontimwtuUy variablo Quantity Z in accmrUnnr 
with Che folkming equations (2) and (3): 

AL G) 

whore y denotes a gradient equivalent coefficient, which 
may well be calculated by the aforementioned rnotrion 



Besides, Wat represents a standard vehicle weight previ- 
ously set as a dfffimilr, and € uprrau i r* a coutmoously 
variable qnarimy ^ pD vcision ccomVvrnt. 

The continuous vsriation unit 1903 determine* * gesr 
position in such a way that a value X indicated by Efriafion 
(4) below is cwlmlatcd from the continuously Tgiable 
qoanttry Z, whereupon the gear shift boundary is variably 
obtained on Che basis of the value X and the throttle valve 
opening as illustrated in FIG. 20. Shift patterns A and B 
Indicated in FIG. 20 are respectively sent from the shift 
poctern-A Tnemory 1904 and the shift paxtern-B memory 
1905. Thus, a smooth shift operation confonning to (he 
gradient is realized. 

X = XI + <X2 - XI) 2 (4) 

There will now be explained a case where a gear posxaoo 
is determined from the vchicio weight, the gradient and as 
acceleration request. In this case, the gradient inrni i nu 



